ABSTRACT
INTRODUCTION
Sole representative of Heliconeaceae family, the genus Heliconia (L.) (Cronquist, 1981) presents 176 species of neotropical occurrence, and six species in the Pacific Islands, totaling 182 (Castro et al., 2007) . According to Andersson (1989) and Kress (1990) , in Brazil, the genus Heliconia is represented by 21 species in the Amazon basin, and 20 species in the Atlantic Forest, and some of these species may be endemic in these regions.
According to Castro (1995) , Castro & Graziano (1997) , Torres et al. (2005) , in Brazil, the heliconias are also known as banana-of-garden, little banana-of-garden, guara's beak, false-bird-of-paradise, parrot-beack or paquivera. According to Andersson (1989) and Torres et al. (2005) , the heliconias occur in shady places such as forests and riparian forests, or in places with no shadow at all such as edge of forests, clearings and roadside.
Heliconia bihai (L.) L. presents erect inflorescence with distical orientation bracts and varied coloration, being one of the most cultivated species in Brazil (Santana et al., 2010) . According to Kress & Berry (1991) , in addition to the natural hybrids, the species displays around 15 cultivars. Castro et al. (2007) report that there are about 40 commercial cultivars of H. bihai.
The Heliconia genus includes a great diversity of species, varieties, hybrids and cultivars of ornamental and commercial interest. Some species of this family and its varieties and hybrids are grown for producing cut flowers for their beauty, color and intensity of the inflorescences. The tuber rhizome of some species can be eaten if roasted or cooked, such as in Heliconia hirsuta (L.f.), known as "Isira" or "Bijao". Heliconia bihai is common in the Amazon Rainforest and widely used in the preparation of regional dishes, using the leaves for food packaging (Berry & Kress, 1991; Castro et al., 2007) .
The identification of species and cultivars is based on morphological characteristics and on the color of the flowers and inflorescences. However, natural variations between individuals and between populations have caused much disagreement among collectors, farmers and researchers (Berry & Kress, 1991) . Although the genus has been being the subject of taxonomic revisions, it has been poorly studied, with confusion and uncertainty about the number of species and the relationship between them (Marouelli, 2009) .
Thus, karyotypic information, from a simple count to detailed molecular studies, is an important aid in taxonomic identification (Stace, 2000) . Karyotype analyzes are a useful procedure for the differentiation of close taxonomic categories, particularly for those where the phenotypic characteristics are insufficient for reliable sorting into distinct taxa, as well as, in many cases, clarifying the cytological and genetic foundations of variability within a family (Martinez, 1976) .
Besides the taxonomic significance, other authors have emphasized that the cytogenetic information can also help in studies on evolution, genomics and breeding of plant species (Galasso et al., 2001; Doyle et al. 2004; Biondo et al., 2005; Figueroa & Bass, 2010) .
Several techniques have been improved, with the advances in preparations that allow the improvement of classical methodologies (Sybenga, 1992; Viccini & Carvalho, 2000; Figueroa & Bass, 2010) . One of the advances related with the preparation of these studies is the use of antimitotic agents, or inhibitors such as amiprofos-methyl (APM) herbicides, 8-hidroxyquilonein, trifluralin and oryzalin that block cell cycles in specific phases of mitosis (Sumner, 1990; Singh, 1993; Rossi et al., 2008) .
The blocking agents, such as APM, are essential for studying the chromosomes, for preventing the formation of the spindle and accumulating sufficient number of metaphase for a proper morphometric analysis, enabling the classification and identification of homologous pairs (Singh, 1993; Araújo, 2008; Rossi et al., 2008; Karsburg et al., 2009) . Using APM also results in elongated chromosomes, with adequate compression for cytogenetic analysis (Planchais et al., 2000) .
Besides the use of mitotic agents, the use of fixative solutions such as methanol: acetic acid allows to obtain good quality preparations (Ghosh & Paweletz, 1993) , characterized in stretched, straight chromosomes. The use of fixative solutions also prevents the action of endonucleases, which permits detailed characterization of the karyotype of the species under study (Sumner 1990; Sybenga, 1992) , as well as increases basophilia of the chromosomes, facilitating their coloration (Sharma & Sharma, 1999 cited by Araújo, 2008 . Moreover, the techniques of enzymatic maceration, cell dissociation and air drying enable obtaining slides with prometaphase and metaphase chromosomes, spread with no overlaps and in the same focal plane (Carvalho, 1995; Araújo, 2008; Rossi et al., 2008; Karsburg et al., 2009) .
Another cytogenetic technique that can be applied to plant species is Ag-NOR banding. This technique identifies the active nuclear organizing regions (NOR's), consisting of one or more chromosome pairs, showing rDNA genes responsible for the formation of different types of rRNA that form the nucleolus and ribosomes (Miller et al., 1976; Howell & Black, 1980; Sumner, 1990; Guerra, 1988; Sumner, 2003) .
The objectives of this work were the morphometric characterization and identification of NOR by Ag-NOR banding of chromosomes of Heliconia bihai, aiming at enhancing the cytogenetic knowledge of the species and genus at matter.
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MATERIAL AND METHODS
Mitotic analyzes were performed in the laboratory of Cytogenetics and Plant Tissue Culture at the Mato Grosso State University -Campus II in Alta Floresta.
To obtain the karyotype, root meristems of Heliconia bihai (L.) L. species were used. The plants were collected in the municipality of Alta Floresta, in Comunidade Central, located at the northern end of the state of Mato Grosso, at 10°27'56" S and 56°09'01"W, at an average altitude of 284 meters, in 9,310.27 km 2 in area (Miranda & Amorim, 2001) .
Root meristems were obtained by exposing the rhizomes in water at 30°C, which was changed daily until meristems reached 1.0 to 1.5 cm in length. After development, they were submitted to blocking treatment, which consisted of permanence of meristems in amiprofosmethyl (APM) Sigma ® herbicide solution at a concentration of 3 µmol L -1 at 4°C for 16 hours. This process allowed the accumulation of a maximum number of cells in metaphase. Then the roots were rinsed in distilled water to remove excess of the herbicide, and fixed in methanol-acetic acid solution at a ratio of 3:1 in the same temperature conditions.
The root meristems were removed from the fixative solution and washed in distilled water for five minutes. The roots were removed from the water and transferred to Eppendorf ® tubes with pressure cap containing enzyme Pectinase Sigma ® (PA) at a concentration of 3 µmol L -1 , remaining at 35°C in a water bath for two hours. Once enzymatic reaction was over, the material was rinsed in distilled water again, performing three changes at intervals of 15 minutes, and fixed in methanol acetic acid solution (3:1) for at least 24 hours at 4°C.
For the preparation of slides, root meristems were dissociated using a scalpel and a fixing solution. The slides were air dried in fast movings and dried on hot plates at 50°C, according to the methodology described by Carvalho & Saraiva (1993) . The slides were stained with Giemsa 5%, pH 7.0, for three minutes, washed in distilled water and dried.
Regarding Ag-NOR banding, the slides were aged for 20 days, according to Funaki et al. (1975) , and a solution of silver nitrate (AgNO 3 ) with 50% of saturation was dropped on the slides. Then, the slides were covered with glass slides and exposed in a humid dark chamber at 35°C for 18 hours. After the incubation period, the glass slides were removed by water jets and the slides were washed in running water for 2 minutes and in distilled water for 1 minute
The target methases were photographed by a binocular photon (Leica ® ICC 50), coupled to a computer with LAZ EZ VI. 7.0 software, and analyzed using the public domain software Image/J version 1.46r (2012), developed by the National Institute of Health (INS, Bethesda, MD, USA), together with the Java programming language, version 1.6.0 (Abramoff et al., 2004) , both of which can be obtained through the internet at http:// rsb.info.nih.gov/ij/, for software ImageJ and http:// www.java.com/, for Java language Length of the arms of the chromosomes was converted from pixels to micrometer scale. The cariogram was organized in decreasing order of size, from the measurement of chromosome arms. The ratio amongs the arms (r) was determined according to the criterion of morphological classification of chromosomes, described by Guerra (1986) .
RESULTS AND DISCUSSION
The standardization of the protocol used in the study was crucial for the supply and characterization of metaphase chromosomes, allowing the assembly of the karyotype of H. bihai. The use of the inhibitor agent, amiprofos-methyl (APM), was effective in the accumulation of metaphases to perform the analysis of the morphology, size and number of chromosomes. The action of the pectinase enzyme, at 35°C for 2 h, was effective in eliminating the cell wall without damaging the structure of chromatin, so a proper staining with Giemsa at 5% and pH 7.0 was achieved. Similar results, using the inhibitor agent APM and Giemsa staining at 5% were obtained with Coffea arabica (L.) , Solanum esculentum (L.) (Karsburg et al., 2009) and Carica papaya (L.) (Araújo et al., 2010) .
Moreover, the dissociation processes by cells from digested root meristems, together with the air-drying technique were efficient because it was possible to obtain well spread chromosomas on the focus plane without cytoplasmic background, overlapping or structural deformation, facilitating observation. Identical results, regarded to the quality of mitotic metaphase, were obtained with Solanum esculentum (Karsburg et al., 2009) , Capsicum annuum (L.) (Abreu et al., 2008) , Jatropha curcas (L.) , Psychotria ipecacuanha [(Brot.) Stoves] (Rossi et al., 2008) and Carica papaya L. (Araújo et al., 2010) . Thus, this method provides more appropriate preparations of chromosomes compared to those generated by the crushing method (Carvalho & Saraiva, 1993) .
New tools for observation and analysis of chromosomes of plants are becoming more accessible to characterize the chromosome morphology (Bauchan & Hossain, 2001; Barret & Carvalho, 2003; Abramoff et al., 2004) . The binocular photon microscope (Leica ® ICC 50), coupled to the computer and the use of LAZ EZ VI. 7.0 software were important tools for capturing good quality images of chromossomes of cells in metaphase. The same success was obtained with Jatropha curcas species (Mergonar et al., 2010) , Theobroma speciosum (Willd. Ex Spreng) (Gallo & Karsburg, 2010) , Catasetum longifolium (C. Rich. ex Kunth) (Gomes et al ., 2011) and &Cattleya violácea [(Kunth) Rolfe] x "type" &Cattleya granulosa (Lindl.) (Silva et al., 2011) . However, the use of public domain program Image/J was essential for image analysis, contributing to the measurements of the chromosomes, analysis of homologous pairs and assembly of the karyotype. Similar results were obtained with Oryza (L.) spp. (Miyabayashi et al., 2007) , Brachiaria (L.) spp. (Akiyama et al., 2010) , Antirrhinum rothmaleri [(P.Silva) Amich, Bernardos & García-Barriuso] (Garcia- Barriuso et al., 2011) and Macleaya cordata (syn. Bocconia cordata Willd) (Samatadze et al., 2012) .
The morphometric analysis showed that H. bihai has 2n = 22 chromosomes (Figure 1) . The same number of chromosomes was also reported in the study by Oliveira (2010) in the species H. stricta (Huber), H. psittacorum (L. f.), H. rostrata (Ruiz & Pavan), H. hirsuta (lf). According to Kaemwong & Eksomtramage (1998) Andersson (2008) , obtained 2n = 24 chromosomes in 31 species of Heliconia, representing almost all the morphological spectrum of the genus. Thus, it is evident that the genus presents a wide divergence, ranging from 2n = 22 to 2n = 36 chromosomes.
The methodology used for morphometric and morphological analysis of the chromosomes of H. bihai allowed to observe the occurrence of four pairs of submetacentric chromosomes (6, 8, 9 and 10) and seven pairs of metacentric chromosomes (1, 2, 3, 4, 5, 7 and 11) ( Table 1) . Oliveira (2010) , when evaluating H. stricta species, found nine pairs of submetacentric and two pairs of metacentric chromosomes; however, H. psittacorum species presented four submetacentric pairs, six metacentric pairs and one acrocentric pair while in the species H. rostrata, five submetacentric pairs, five metacentric pairs and one acrocentric pair were found. Therefore, one can say that the genus presents chromosome morphology varying among submetacentric, acrocentric and metacentric.
According to John (1980) , the length of a chromosome is regarded a constant. Distinguishing by their length, chromosomes can be classified arbitrarily as long (> 10 ìm), medium (4-8 µm) or short (< 2 µm). Thus, the species studied displayed medium to short chromosomes (from 3.96 to 0.67 µm), and most of them were short. The results obtained with Heliconia were consistent with those of other studies. Oliveira (2010) , with H. stricta and H. hirsute, found that the chromosomes ranged from medium to short (1.04 to 4.13 µm and from 0.28 to 4.36 µm). The chromosomes of H. psittacorum and H. rostrata were classified only as short, displaying sizes from 1.19 to 3.29 µm and from 1.72 to 3.04 µm, respectively. Andersson (2008) , evaluationg 31 species of the genus Heliconeaceae, found that all chromosomes of 31 species of the genus in matter, had total length between 0.7 and 1.7 ìm, being classified only as short.
Regarding the nucleolus organizer regions (NOR), the active region of H. bihai is located at the middle portion of the centromere, on the chromosome pairs (1 and 2) (Figure 2 ). During mitosis, the active NORs are those where rDNAs are associated with proteins that associate themselves with silver (Roussel , 1996; Morais-Cecílio et al, 2000; Besendorfer et al, 2002; Brasileiro-Vidal et al., 2003; Almeida & Carvalho, 2004; Neves et al., 2005; Clarindo & Carvalho, 2006) . The presence of the active NOR on pairs (1 and 2) indicates, according to Mergonar et al. (2010) , that these chromosomal regions have chromosome domains around which nucleoli at the end of mitosis are arranged, when the rDNA transcription is initiated.
During interphase, two nucleoli were identified per H. bihai cell (Figure 3 ). According to Mergonar et al. (2010) , the number of NORs and nucleoli found can be regarded as features of diploid. Generally, polyploidy show less visible NORs in sets of chromosome than the expected by the sum of diploid genomes (Vaughan et al., 1993; Aarestrup et al., 2008) . Reducing the number of NORs and nucleoli during polyploidy, might also be associated with nucleolar suppression (Vaughan et al., 1993) .
CONCLUSIONS
The methodologies used in this work were efficient in conducting the study and achievement of satisfactory results. The H. bihai species has 2n = 22 chromosomes; out of these, four pairs are submetacentric and seven pairs are metacentric, and classified as medium to short (3.96 to 0.67 µm). The active NOR present in pairs (1 and 2) and interphase cells with the presence of two nucleoli can be considered as characteristics of a diploid species.
